A rapid method of evaluating the susceptibility of spirochaetes to antibiotics would be convenient for investigators. Schneierson (1954) described a method of testing the susceptibility of strains of potentially pathogenic species, in which discs containing standard amounts of antibiotics were dropped into broth, and the broth was inoculated with the organism under study. He found that the results compared favourably with those of the tube-dilution method. Antibiotic concentrations were determined by dividing the disc concentration by the volume of the broth.
NaCl 0-2 g. dissolved in 100 ml. distilled water); distilled water 50 ml. The pH was adjusted to 6-5 before autoclaving and was 6-8 to 7-4 after sterilization.
For cultivation of strains of Treponema phagedenis and T. refringens, inactivated rabbit serum (12 per cent.) was added aseptically to autoclaved PYG medium. For strains of T. denticola and T. vincentii cocarboxylase (0-00012 per cent.) was added in addition to the serum.
Rumen fluid-requiring treponemes were maintained in E-medium, which consisted of peptone M 0 05 g.; yeast extract 0 05 g.; dextrose 0-14 g.; agar 0-2 g.; ammonium sulphate 0 05 g.; soluble starch 0-05 g.; L-cysteine HCI hydrate 0-16 g.; sodium bicarbonate 0-5 g.; resazurin solution 0-4 ml.; salt solution 50 ml.; rumen fluid 28 ml.; distilled water 22 ml. The pH was adjusted to 6-5 before sterilizing and was 6-8 to 7-4 after autoclaving. Rumen fluid-requiring treponemes (pig intestinal (PF) isolates and human oral (HO) isolates) were tested in HO medium, which consisted of peptone M 0-1 g.; yeast extract 0-1 g.; dextrose 0.5 g.; agar 0-2 g.; amnoniutn sulphate 0-05 g.; soluble starch 0 05 g.; L-cysteine HCI hydrate 0-16 g.; sodium bicarbonate 0 5 g.; resazurin solution 0 4 ml.; salt solution 50 ml.; rumen fluid 28 ml.; distilled water 22 ml. The pH was adjusted to 6-5 before autoclaving and was 6-8 to 7-4 after autoclaving.
All tests with serum and rumen-fluid requiring treponemes were done in 7-2 ml. of medium and inoculated with 0 3 ml. of a 24 to 36-hr culture.
Free-living spirochaetes of the genus Spirochaeta were cultivated in DP medium which was dispensed in 3 8-ml. volumes in screw-capped tubes and inoculated with 0-2 ml. inoculum. The DP medium contained peptone M 0-1 g.; yeast extract 0-1 g.; dextrose 0-2 g.; agar 
ANTIBIOTIC DISCS IN SEMI-SOLID MEDIUM
One antibiotic disc of each concentration was dropped into pre-reduced PYG medium, HO medium, or DP medium. All tubes were inoculated with 0 3 ml. of a 24-hr culture 30 min. after placing the antibiotic disc into the medium. Antibiotic concentrations were calculated by dividing the disc concentration by the total volume of the medium. Observations for growth were made daily for 3 days.
GROWTH INHIBITION
The growth inhibitory concentration of an anti-microbial agent was considered to be the lowest concentration at which growth was inhibited after 3 days' incubation.
Results
Growth of all treponemes on PYG agar medium in prescription bottles was transparent and appeared as a thin film on the surface of the agar, making observations of zones of inhibition difficult. Motile treponemes were seen with darkfield microscopy from agar-plug samples from areas both near antibiotic discs and some distance from the discs. Cultures grew from agar plugs inoculated into PYG-serum medium. No growth was seen on any PYG-serum agar in Petri dishes that were incubated in anaerobic jars and treponemes were not observed under darkfield microscopy from agar plugs cut out from various places around the Petri dishes. Tables I to IV show the concentrations of antimicrobial agents that inhibited the growth of the treponemes and spirochaetes studied using antibiotic discs in semi-solid media. (4) + (4) + (4) + (4) + (4) + ( (4) + (4) + (4) + (4) + (4) + (4) + (4) + (4) + (4) + (4) 7-5 7-5 a T. phagedenis, b T. refringens, cT. denticola, dtetracycline, echlortetracycline, 'oxytetracycline, gmethacycline, hdemethylchlortetracycline, 'chloraamphenicol, ND = not done. *concentration at which no growth appeared in 3 days. + = growth at concentration in parentheses All strains grew in medium containing 40 ,ug./ml. thiosulphil, trisulphapyrimidines, sulphadiazine, sulphamerazine, sulphamethoxypyridazine, sulphathiazole, sulphasomidine, or sulphafurazole. They all grew in medium containing lincomycin (0 3 to 0 5 ,ug./ml.), viomycin (1 to 2-5 Fg./ml.), colistin sulphate (1 ,ug./ml.), Polymyxin B sulphate (40 to 75 units/ml.), nitrofurantoin (40 to 75 Vg./ml.), nalidixic acid (4 to 15 ,tg./ml.), methenamine mandelate (400 ,tg./ml.), and mycostatin (14 ,ug./ml.). Most treponemes grew in medium with oxacillin (0<1 to 0 5
Vug./ml.), oleandomycin (2 ,ug./ml.), chloramphenicol (4 tg./ml.), streptomycin (1 to 2 5 Qug./ml.), dihydrostreptomycin (1 to 2-5 [ug./ml.), kanamycin (4 ,tg./ml.), and neomycin (1 to 7-5 ,ug./ml.).
Discussion
Treponemes under study did not colonize on agar plates incubated in anaerobic jars. Colonial growth on pre-reduced agar media in prescription bottles was slow and difficult to see, so that zones of inhibition could not be readily observed. Failure to determine antibiotic sensitivity of treponemes by (1) + (1) + (4) + ( aT. phagedenis, b T. refringens, cT. denticola, dstreptomycin, edihydrostreptomycin, 'kanamycin, gneomycin, htriclobisonium chloride, ND not done. *concentration at which no growth appeared in 3 days. + = growth at concentration in parentheses discs on solidified agar indicated that a different method was needed for rapid antibiotic sensitivity determination for spirochaetes. Since spirochaetes grow well and quickly in pre-reduced semi-solid media, and growth can be observed in 1 to 3 days, the addition of antibiotic discs to a known amount of pre-reduced media provided us with a rapid method of determining antibiotic sensitivity of spirochaetes.
Comparison of results of the disc-tube method with those of the tube-dilution method (Abramson and Smibert, 1971) show that both methods give very similar figures for inhibitory concentrations with most strains. The dilutions were not exactly the same with the two methods but inhibition of treponemes was usually in the same concentration range. For example, T. refringens was inhibited by 0*3 ,ug./ml. penicillin G using the disc method and by 0 1 ,ug./ml. using the tube-dilution method, while the Reiter strain of T. phagedenis was inhibited by 0 7 ,ug./ml. tetracycline using the disc method and by 1 ,ug./ml. using tube dilutions.
With a few antibiotics, however, the results differed with some strains. For example, T. refringens was inhibited by 0 7 ,ug./ml. of oxytetracycline using discs but required 10 Vg./ml. using tube-dilutions, while strain HO-5 grew in 4 ,ug./ml. of vancomycin using discs but was inhibited by 1 ,g./ml. in tube-dilution experiments. These results were repeated several times and no reason was found for these differences.
In the case of oxacillin, nafcillin, cloxacillin, and lincomycin, the discs available contained too little antibiotic (1-2 ,tg./disc) to produce inhibitory concentrations in semi-solid media, even if several discs were used in each tube.
Rapid determination of the susceptibility of treponemes by an antibiotic disc method is preferable to the more tedious tube-dilution technique. When using the disc method it is recommended that discs containing a total of 30 Vg. antibiotic be placed into 7-5 ml. of pre-reduced culture medium for a final concentration of approximately 4 pg./ml. Each tube should be inoculated with 0 3 ml. of a 24 to 48-hr treponeme culture and mixed to disperse the inoculum. In addition, one high-concentration disc of thiosulphil, trisulphapyrimides, sulphadiazine, sulphamerazine, sulphamethoxypyridazine, sulphathiazole, sulphisomidine, sulphisoxazole, nitrofurantoin, methenamine mandelate, or Polymyxin B sulphate should be placed in 7-5 ml. of a medium. Susceptibility to all antibiotic discs can be determined readily by the disc-tube method except for oxacillin, nafcillin, cloxacillin, and lincomycin. The final concentration of an antibiotic in the disc test should approximate to the levels of antibiotic that can be attained in the blood, and results of susceptibility testing can thus be of value clinically. In the disc test, if there is no growth in a pre-reduced medium in 3 days, the spirochaete can be considered to be susceptible to the antibiotic.
Summary
Seventeen strains of treponemes and two free-living Spirochaeta spp. isolated from a duck pond were tested for their susceptibility to 33 antimicrobial group.bmj.com on June 20, 2017 -Published by http://sti.bmj.com/ Downloaded from agents by suspending antibiotic discs in a culture in semi-solid medium. The tube-disc method was found to be a useful rapid method for determining the antibiotic susceptibility of spirochaetes. Inhibitory concentrations of the tube-disc method compared well with results of the tube-dilution method.
Zones of inhibition were not observed in solidified media since the growth of spirochaetes is transparent and barely discernible so that standard disc methods could not be used for testing.
